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Introduction
Phthalate esters (PEs) are used primarily as plasticizers in polymeric materials to increase their flexibility through secondary weak molecular interactions with polymer chains. Since they are physically bound to the polymer chains, PEs may be released into the environment during the production, use, or incineration of polymeric materials containing them (1, 2) . Due to the potential risks of PEs to human health and the environment (3, 4) , several of them have been included in the list of priority pollutants by different national and international organizations. For example, the United States (US) Environmental Protection Agency (EPA) has established a maximum admissible concentration (MAC) of 6 µgL −1 for di-ethylhexyl phthalate (DEHP) in water (5) . DEHP is the most widely used PE in the world, which represents a quarter of total production of plasticizers (6) .
To determine the plasticizers in water samples, gas chromatography (GC) (8, 9) , gas chromatographymass spectrometry (GC-MS) (7, 10, 11) and highperformance liquid chromatography (HPLC) (12) (13) (14) have been used. Nevertheless, when the concentration levels are low, a previous enrichment step is usually needed. The pre-concentration techniques, which are commonly applied to monitor phthalates in water, are solid-phase microextraction (SPME) (9) , hollow-fiber liquid-phase microextraction (HF-LPME) (9) , homogeneous liquid-liquid extraction (HLLE) ( 
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(SFDME) (7) , single drop microextraction (SDME) (8) , vortex-assisted surfactant-enhancedemulsification liquid-liquid microextraction (10) , dispersive liquid-liquid microextraction (DLLME) (11) (12) (13) (14) , and solid-phase extraction (SPE) (15) .
More recently, the use of magnetic NPs in solid phase extraction (named magnetic solid phase extraction (M-SPE)) is gaining many researchers' interest (16) (17) (18) . M-SPE involves the addition of magnetic sorbent particles to the sample solution. The target compound is adsorbed onto the magnetic material, and the magnetic particle (containing the analyte) is then separated from the sample solution by the application of an external magnetic field. Finally, the analyte is recovered from the adsorbent by elution with the appropriate solvent, which is subsequently analyzed. This approach has several advantages over traditional solid phase extraction: (i) it avoids timeconsuming and tedious on-column SPE procedures, (ii) it provides a rapid and simple analyte separation that avoids the need for centrifugation or filtration steps, (iii) the magnetic sorbents synthesized to date have high selectivity, even when complex environmental or biological matrices are exist, and (iv) since the majority of sample impurities are diamagnetic, they do not interfere with magnetic particles during the magnetic separation.
The aim of the present study was to develop an NPbased method for the pre-concentration and determination of trace amounts of DEHP. The method is based on the extraction of DEHP on octadecylfunctionalized magnetic silica nanoparticles (C18-fm-Si-NPs), as SPE sorbent. The level of DEHP in the extracting phase was determined by gas chromatography-flame ionization detection (GC-FID). To the best of our knowledge, this method has not been employed previously in the extraction and determination of trace amounts of DEHP from aqueous samples.
Materials and Methods

Reagents and standards:
The analytical standards of DEHP, pyrene (as an internal standard), acetone, acetonitrile, and methanol (HPLC grade) as well as NaCl were acquired from Merck Company (Darmstadt, Germany). Pyrene was utilized as an internal standard. The stock solution of DEHP was prepared in methanol at the concentration of 100 mg L -1 . The stock solutions were kept in the refrigerator and 30 mL min -1 , respectively, which were generated by multiple CLAIND gas generators (Lenno, Italy). The GC split valve was opened with the split ratio of 1:5, and helium (99.999% purity) was exploited as carrier gas at a constant flow rate of 4 mL min -1 . The column temperature program was as follows: the oven temperature was held at 120°C for 2 min, then raised to 280°C at a rate of 25°C min -1 , and finally, held at 280°C for 5 min. The analytical signal was taken as the relative peak areas of the plasticizers to the peak area of the internal standard (pyrene). Magnetic solid phase extraction procedure: Firstly, 45 mg of the C18-f-m-Si-NPs (dispersed in 1.0 mL methanol) was added to 200 mL of the 100 µgL -1 spiked water sample (containing pyrene as internal standard with concentration of 500 µg L -1 ) and homogeneously dispersed with the aid of ultrasonication for 2 min. Subsequently, a strong NdFe-B magnet (5 cm × 3 cm × 2 cm, 1.4 T) was deposited at the bottom of the beaker. After about 5 min, the suspension became limpid; then it was decanted. The preconcentrated target analyte was eluted from the isolated sorbent with 1.0 mL of methanol, and 2 µL of the solution was injected into the GC-FID system. A univariate approach was employed to optimize the influential factors in this method. C18-f-m-Si-NPs was added to 200 mL of the sample solution. The acquired results showed that by increasing the sorbent amount from 10 mg to 45 mg, the ER% slowly increased and then remained constant owing to a rise in the number of accessible sites (Fig. 1) . Consequently, 45 mg of the C18-f-m-Si-NPs was utilized in the next experiments. The results demonstrated that when NaCl concentration was increased up to 5% w/v, the ERs% of DEHP improved because of the salting-out effect ( Fig. 2) . At higher concentrations of NaCl, the signals diminished; hence, in the subsequent experiments, 5% (w/v) NaCl was added to the sample solution. 
Results
Optimization
Effect of extraction time:
To study the effect of extraction time on the m-NP-based SPE step, this parameter was investigated in the range of 0.5-5 min. The results established that by lengthening the extraction time up to 2 min, the ERs% of DEHP slightly improved and then stayed constant. Under these circumstances, the most time-consuming stage was the magnetically assisted separation of the sorbent, which took almost 5 min. Therefore, 2 min was chosen as the extraction time for the next experiments. Evaluation of desorption conditions: In order to elution of DEHP from surface of the adsorbent, different solvents including acetone, acetonitrile and methanol were selected. The adsorbent was eluted using 1.0 mL of each eluting solvent. The results, depicted in Fig. 3 , revealed that the recoveries using acetone, acetonitrile, and methanol (as eluting solvents) are 45, 62 and 75, respectively, implying that methanol is better than acetonitrile and acetone. Consequently, methanol was chosen as the eluting solvent. To evaluate the required volume of methanol to elute all the DEHP from the adsorbent surface, elution was carried out three times with 1.0 mL of methanol. It was concluded that a volume of 1.0 mL was sufficient to desorb the trapped plasticizer from the sorbent surface. Further studies also indicated that most of the adsorbed analytes (~ 90%) could be straight forwardly desorbed by a one-step elution procedure with methanol. Besides, no carryover was observed after three rounds of elution. Thus, the sorbent could be reused. It was revealed that the adsorbent could be employed in at least three successive extractions without a substantial change in its efficiency. 
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obtained results verified that the desorption time had no significant impact on the desorption efficiency. Sample volume: In order to study the sample volume, extraction of plasticizer was explored with different volumes of water samples ranging from 200 to 600 mL at 100-mL intervals. It was found that the best extraction recoveries were almost constant when the sample volumes were ≤ 400 mL; however, for the volumes >400 mL, the extraction recovery slightly diminished. For this reason, a sample volume of 400 mL was selected as the ideal volume for trace analysis in water samples.
Method performance:
The figures of merit in the proposed method, including linear dynamic range (LDR), limit of detection (LOD), and limit of quantification (LOQ), intra and inter-day precisions, enrichment factor (EF) and extraction recovery (ER) for the extraction of DEHP from water samples were investigated under optimum conditions (V= 400 mL).
The obtained results are shown in Table 1 . Calibration curve was plotted using 10 spiking levels of DEHP in concentrations ranging from 0. . The intra-day precision of the proposed method was obtained 3.2 and 2.6 at 10 and 100 µg L -1 levels of DEHP, and inter-day precision of the proposed method was obtained 6.7% and 5.4% at 10 and 100 µg L -1 levels of DEHP, respectively.
The enrichment factor (EF) and extraction recovery (ER%) were exploited to evaluate the efficiency of the suggested m-NP-based SPE. The EF was defined as the ratio of the concentration of analyte in the sediment phase (C sed ) to the initial concentration of analyte (C 0 ) in the sample:
The ER% was defined as the percentage of total analyte moles (n 0 ) extracted to the sediment phase (n sed ):
Where, V sed and V aq are the volumes of sediment phase and sample solution, respectively.
The EF of the DEHP was 350. Meanwhile, the ERs% of DEHP was 78%. Based on the obtained results, it can be concluded that the present technique has a high sensitivity, a broad linear range, and favourable precision. Real sample analysis: Various water samples, comprising freshly bottled mineral water (Polour, Iran), bottled mineral water after the expiration date, water exposed to polyethylene glass and boiled water already cooled down inside a polyethylene glass, were chosen as real samples to evaluate the applicability of the suggested technique under the optimum conditions. No filtration or any extra treatment was done for any of the samples before extraction. The relative recoveries (%) and the RSDs% for the analysis of DEHP in real water samples based on three-replicate extractions and determinations using the method are tabulated in Table 2 . The results demonstrated desirable accuracy for all the analyzed water samples. The RSDs% for the extraction and determination of DEHP in the explored real water samples lay in the range of 3.1-7.3%. Also the relative recoveries for the spiked real samples were in the range of 91.6-102.2%. It is worth noting that three of the plasticizers were detected at µg L -1 levels in the water samples, which implies the sensitivity of the suggested technique. Figure 4 depicts the m-NP-based SPE-GC-FID chromatograms of DEHP in the boiled water, already cooled down inside a polyethylene glass, before (4a) and after (4b) spiking the sample with the plasticizers at 1.0 µg L -1 level. 
SPME-GC-MS
Discussion
Compared with micrometer-sized particles (commercial adsorbent) used in the SPE, the NPs offer a multitude of benefits that make them a better choice. They have significantly higher ratio of surface area-to-volume and a short diffusion route, resulting in higher extraction capacity, rapid dynamics of extraction and higher extraction efficiencies. Moreover, by using superparamagnetic NPs such as Fe 3 O 4 , a shorter analysis time can be achieved due to the magnetically assisted separation of these particles from the sample solution. These particles are attracted to a magnetic field but retain no magnetic charge after the field removal. This property makes them particularly suitable for sample preparation because, in comparison with non-magnetic adsorbents, no centrifuging or filtration of the sample is needed after extraction. Therefore, in recent years, the use of magnetic NPs for sample extraction and preconcentration is gaining many researchers' interest (16) . Most of the published articles in this area are related to use surfactant coated magnetic nanoparticles (termed mixed-hemimicelles) as sorbent. Preparation of these type sorbents is simple; however, due to incompatibility use of surfactants with gas chromatography, it is needed to develop new magnetic sorbents to overcome such problems. Due to generality of octadecyl functionalized silica sorbent and also very extensive application of this sorbent in SPE techniques, preparation of octadecyl functionalized magnetic silica nanoparticles as sorbent can be valuable.
Generally, addition of salt enhances extraction of analytes because the salting-out effect can reduce the solubility of the analytes in water and force more of them onto the adsorbent. Increasing the ionic strength also causes the viscosity of aqueous phase to increase, resulting in a decrease in diffusion coefficients of analytes; such increases lead to a decrease in the extraction efficiency. In SPE methods, it is important that by using the least amounts of sorbent, higher extraction recoveries of the analytes can be obtained even from large volumes of the solution. The aim of the optimization of sample volume is to find maximum sample volume in which constant amount of the analyte can be extracted by a using constant amount of the sorbent with relative recoveries higher than 90%. This leads to getting higher enrichment factors (i.e., higher V donor / V acceptor ) in analysis of the real samples because a larger volume of the real sample contains higher amounts of analyte. It is important to note that handling of large sample volume (400 mL) in a short time (typically a few minutes) becomes practically feasible only by means of magnetic sorbents due to the magnetically assisted separation of the sorbent (C18-f-m-Si-NPs) because of their easy collection from sample solution.
Based on the obtained results Table 3 , it can be concluded that the present technique in comparison with with some of the techniques reported in the literature for extraction and determination of plasticizers has a high sensitivity, a broad linear range, and favourable precision. Moreover, the method is fast and simple even for large sample volumnes (400 mL) because of using magnetic nanoparticles as adsorbent.
Plastics, especially the polyvinyl chloride (PVC), are most widely used materials in the industry due to their excellent properties (i.e., high chemical and mechanical endurance) and a wide range of applications in our daily life (20) . Compounds that are lost or migrate from plastics during the use of a Downloaded from nfsr.sbmu.ac.ir at 7:51 +0330 on Friday March 13th 2020 plastic product include the components of the final plastic such as the residual monomers and additives, as well as compounds used in the manufacturing process (e.g., to initiate polymerization). Compounds are lost from plastics either because they are not chemically bound to the polymer and are, therefore, free to migrate, or because during the use of the plastic product, the plastic becomes distorted, worn or weathered. This can lead to the exposure and loss of previously bound compounds. Exposure to sunlight (especially UVB) can degrade plastics. Increased levels of UVB as a result of the depletion of stratospheric Ozone could, therefore, impact on plastics. Many of the chemicals in use have not been subject to a risk assessment (21) . The addition of plasticizers (mainly phthalates and adipates) makes the plastic flexible and popular for packaging, storing and preserving food, water, and so on (22) . The most widely used plasticizers in food contact applications are dioctyl phthalate (DEHP) and dioctyl adipate (DOA) (Vinyl Council of Australia, www.vinyl.org.au). The most probable route of human exposure to DEHP is through food, with an average intake of 0.25 mg/d (23) and being migrated from plastics during the processing and storage of the main source (24) .
Diffusion of chemical substances from polymers is a very complex process, and is dependent on several parameters, such as concentration of substances in packaging film and food, nature of the foods, temperature, and the time period over which duration of contact occurs. During the process of diffusion, these compounds enter into another matrix (such as film or food), which changes their concentration in both the packaging film and food. Although chemical compound migration is mainly a diffusion-controlled process, it is equally important to consider the mechanism of convection and chemical reactions (22) .
The obtained results in this research showed that as stated by Bhunia et al. (22) , temperature and storage time have a significant effect on the migration of DEHP. At the same study, Salah et al. (25) determined the presence of phthalates in 10 different brands of bottled water available in Saudi markets and stored under different conditions. Dimethyl phthalate (DMP), diethylphthalate (DEP), di-n-butyl phthalate (DBP), benzyl butyl phthalate (BBP) and diethyl hexyl phthalate (DEHP) were measured by headspace solid-phase microextraction followed by gas chromatography-mass spectrometer detector. They found that most of the phthalates were detected in the selected bottled water samples that might be either leached from the plastic packaging materials or contamination during the bottling processes. Bottled waters stored at 4°C contained higher levels of DMP, DEP, BBP and DEHP than those stored at room temperature and outdoors. On the other hand, the levels of DMP, DEP and BBP were significantly lower in the bottled waters stored at room temperature than those stored outdoors. They concluded that temperature and sunlight play a role in the degradation of phthalates within time.
Yamini et al. developed two microextraction techniques for the extraction and preconcentration of di-(2-ethylhexyl) phthalate (DEHP) and di-(2-ethylhexyl) adipate (DEHA) from the mineral water samples (8) . They applied these two methods for the analysis of two plasticizers in different water samples; two target plasticizers were found in the bottled mineral water after the expiring time and the boiling water was exposed to a polyethylene vial. Accordingly, development of sensitive and reliable analytical methods to analyze trace amounts of plasticizers in different water samples is necessary.
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